Beginning in 1993, an increase in clinical isolates of Mycobacterium abscessus was observed in a single hospital microbiology laboratory. This involved a cluster of four patients in June 1993 and five patients and a quality-control culture of distilled water in May 1994. Twenty-three M. abscessus isolates recovered between 1991 and 1996 were compared by random amplified polymorphic DNA polymerase chain reaction (RAPD-PCR). Sixteen of 21 clinical isolates recovered over a 6-year period and the distilled water isolate had identical RAPD-PCR patterns consistent with a single strain or clone. Only six of 15 patients had findings suggestive of clinical disease. Since the use of in-house-prepared distilled water was discontinued, no further laboratory contamination of clinical specimens has been observed. Molecular typing was the key to defining distilled water as the source of this pseudo-outbreak. Recognition of such outbreaks is important for prevention of unnecessary therapeutic and diagnostic interventions.
Nosocomial outbreaks and pseudo-outbreaks due to tubercuwere two distinct mycobacterial clusters, one in June of 1993 and the other in May of 1994. With the first cluster, the mycolous mycobacteria and especially rapidly growing mycobacteria have been recognized in increasing frequency [1 -19] . Most bacteria culture log for the preceding 6 months was reviewed for isolation of rapidly growing mycobacteria. Because two of have been traced to colonized or contaminated hospital water supplies or contamination of automated endoscope washers four patients in the cluster had undergone bronchoscopy and a subsequent patient infected with M. abscessus was a nurse in used for cleaning bronchoscopes [1 -17] . Infection control measures developed to prevent these outbreaks include avoidthe endoscopy suite, attention was focused on possible contamination in the bronchoscopy and endoscopy suites. ance of tap water during specimen collection, hyperchlorination of potable water systems, use of polymer filtration for the water Tap water, disinfectants for cleaning of the bronchoscopes, and cold and hot water filters of the endoscopy suite were source, and rinsing of bronchoscopes with 70% alcohol after automated disinfection [1, 7, 12] .
cultured. Daily glutaraldehyde-monitoring logs of the bronchoscopy suite, protocols for processing specimens, and quality We report the findings of an investigation in which we believe a single strain of Mycobacterium abscessus was responsicontrol records in the microbiology laboratory were reviewed. A case control study was performed. Patients who had specible for low-level contamination of specimens over a 6-year period. This strain was eventually isolated from contaminated mens submitted on the same day as case patients in June 1993 and whose specimens were negative for M. abscessus served sterilized distilled water in the laboratory, and there have been no further isolations of the epidemic strain of M. abscessus as controls. Data collected included age, sex, location, date of specimen collection, specimen source, attending physician(s), since the use of commercially prepared reagents was instituted.
and technologists involved in the processing of specimens.
Materials and Methods
When the second cluster was observed, culture data were reviewed back to 1988 (the first year when isolates were saved)
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and followed prospectively through 1996. Patient records were All samples culture positive for M. abscessus had been proreviewed for evidence of clinical disease and therapeutic intercessed and recovered in a single hospital laboratory. There vention.
reagent was discarded on Fridays; new reagent was prepared and molecular typing by either pulsed-field gel electrophoresis (PFGE) or random amplified polymorphic DNA (RAPD)-PCR and put into use for processing specimens on Mondays. To ensure sterilization temperatures were reached, temperatureat the MNL. Organisms were taken from frozen stocks made at the time of primary isolation. sensitive tape was used with each run. For quality control purposes, the autoclave was monitored monthly by the use PFGE was performed as previously described for M. abscessus [24] . In brief, organisms were taken from broth culture of commercially purchased Kilit ampules (Becton Dickinson, Franklin Lakes, NJ) and temperatures were recorded automatiand cast into low-melting-point agarose plugs, lysed with lysozyme (1 mg/mL), 1% sodium dodecyl sulfate, and proteinase cally on daily charts.
Respiratory specimens (expectorated sputa, induced sputa, K (1 mg/mL). Genomic DNA in the agarose plugs was digested by the infrequent-cutting restriction endonucleases Dra1, Xba1, endotracheal aspirates, bronchoalveolar lavage samples, and lung tissues) and gastric specimens were decontaminated with Ase1, and Spe1 and then separated by PFGE with use of the CHEF Mapper system (Bio-Rad Laboratories, Richmond, CA) an equal volume of NALC-NaOH (4%) for 15 minutes at room temperature and then neutralized with sterile 0.067 M of phosat 14ЊC for 20 hours at 6 V/cm. RAPD-PCR was performed as previously described [25] . In phate buffer (pH, 6.8). The decontaminated specimen was then centrifuged at 3000g for 15 minutes. The supernatant was rebrief, cell suspensions were treated with lysozyme, proteinase K, and sodium dodecyl sulfate. The lysates were extracted by moved and 0.5 mL of sediment was inoculated into a BACTEC 12B vial (Becton Dickinson Microbiology Systems, Baltiphenol and chloroform, and DNA was precipitated by isopropanol. DNA was also extracted by the boiling of a cell suspension more). Two drops of bovine serum albumin (Becton Dickinson) were added to the remaining sediment, which was used to in a density equivalent to that of a McFarland number 4 standard for 30 minutes in 100 mL of TE buffer with 0.1% Triton inoculate a Lowenstein-Jensen (L-J) agar slant and to prepare two smears. No buffer or distilled water was added to nonrespi-X-100 (LKB Instruments, Gaithersburg, MD). The supernatant was used as template DNA. Only freshly prepared (on the same ratory specimens (skin biopsy specimens, lymph node samples, synovial fluids, and bone marrow aspirates) before direct inocuday or within 48 hours) boiling-treated DNA was used. Fifty microliters of mixture was set aside for PCR and conlation onto an L-J slant and into a Bactec 12B vial. Tissues were ground with a sterile mortar and pestle. Approximately tained 60 mM of Tris-HCL (pH, 9.0), 2.5 mM of MgCl 2 , 15 mM of (NH 4 ) 2 SO 4 , 250 mM each of dATP, dCTP, dGTP, and 0.25 mL each of the NALC-NaOH reagent, phosphate buffer, and albumin was inoculated onto an L-J slant daily for quality dTTP, 24 pmol of primer, 1 U of Taq DNA polymerase (Boehringer Mannheim, Indianapolis), and 2.5 mL of boiling-treated control purposes.
Smears were examined for acid-fast bacilli (AFB) by fluo-DNA or purified DNA (100 ng). Four random primers were used: OPA2 (TGCCGAGCTG) and OPA18 (AGGTGACCGrescent microscopy with auramine-rhodamine stain. Positive smears were confirmed by the Ziehl-Neelsen staining method. T), described by Kauppinen et al. [26] , and INS-2 (GCGTAG-GCGTCGGTGACAAA) and IS986-FP (ACGCTCAACGCCThe media were incubated at 37ЊC for 8 weeks. L-J slants were examined weekly. BACTEC 12B vials were analyzed on a AGAGACCA), described by Linton et al. [27] . The amplification included 40 cycles of 94ЊC for 1 minute, Bactec 460 (Becton Dickinson) twice weekly for the first 2 weeks and weekly thereafter. BACTEC 460 sampling needles 36ЊC for 1 minute, and 72ЊC for 2 minutes. The PCR products were separated by electrophoresis in a 2% agarose gel and were changed daily. Used needles were placed in a 0.5% amphyl solution and autoclaved for 1 hour at 121ЊC. Needles detected after ethidium bromide staining. For strain comparison, only the most intense bands (considered major bands) were then washed with soapy water, rinsed, and sterilized by autoclaving for 15 minutes at 121ЊC. The Bactec needle heater were compared [25]. Up to one major band difference between identical strains was allowed. Unambiguous identical results was changed quarterly according to the manufacturer's directions.
from at least three of the four primers were required for strains to be called identical [25] . Identification of mycobacteria as belonging to the Mycobacterium fortuitum complex was made by the Mycobacteria Laboratory of the Massachusetts State Laboratory Institute. IdentifiResults cation of M. abscessus was made on the basis of antimicrobial drug susceptibility patterns [21] , its resistance to polymyxin B Epidemiological Investigation [22] , and its inability to utilize citrate as a sole carbon source [23] In May 1994, the second cluster of M. abscessus isolutions occurred over a 2-day period, involving five cultures of specimens from five patients. Specimens included induced sputum, a bronchial aspirate, and a cheek swab, which were processed prior to culturing, and synovial fluid and a bone marrow aspirate, which were not processed prior to culturing. However, during this period, a quality control L-J slant of autoclaved distilled water also yielded M. abscessus. Laboratory contamination was considered to be a likely explanation for the cluster, although the specific cause of the contamination was not immediately apparent, as only three of five specimens were known to have been exposed to distilled water. The details of the patients' primary diagnoses, source of clinical specimens, and treatments are shown in table 1. In all, in 1994, nine cultures of specimens from eight patients yielded M. abscessus on L-J slants, in BACTEC broth, or both.
Six of the 15 patients from whose clinical specimens the have not been shown to be therapeutically efficacious for treatment of diseases caused by M. abscessus (table 1) . These patients who were given treatment had clinical signs that could specimens from 6 patients; 4 of the cultures were of specimens be suggestive of M. abscessus infections. Three of the four obtained from 4 patients over a 3-day period. In 1994, patients (numbers 1, 10, and 12) with unique strains of M. abscessus was isolated in 9 cultures of specimens taken M. abscessus were treated, and one of these strains (from pafrom 8 patients; 5 of these cultures were of specimens obtained tient 10) was identified 4 months after the June 1993 cluster. from 5 patients over a 2-day period. The attack rates of This patient was a nurse who worked in the endoscopy suite M. abscessus for the 3-day period in 1993 and the 2-day period processing endoscopes and developed a skin lesion shortly after in 1994 were 9.52% and 18.18%, respectively. The clustering returning from a vacation during which she had soaked in hot of the isolates suggested a common source of transmission.
tubs. With the first cluster, review of the glutaraldehyde-monitorIn February 1996, the use of commercially prepared NALCing logs of the bronchoscopy unit showed that the concentration NaOH reagent and phosphate buffer was instituted. No further of glutaraldehyde was unacceptable a few days before the clusrecovery of the outbreak strain of M. abscessus has been obter; however, the bronchoscopes used in the week of the cluster served since that time (through July 1997). were processed with a new batch of glutaraldehyde. Efforts to isolate the organisms from tap water, distilled water, and other environmental sources were unsuccessful. After this cluster,
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tap water was replaced by sterile water for rinsing bronchoTwenty-one strains of rapidly growing mycobacteria from 19 scopes after disinfection, as recommended by the Association patients (one patient had three separate specimens submitted), a for Practitioners in Infection Control [28] .
College of American Pathologists (CAP) specimen, and one For the case-control study of the first cluster, 12 patients distilled water isolate were available for evaluation. Four ranhad specimens submitted on the same week when M. abscessus dom strains of M. abscessus from the MNL that were known was isolated. No patient characteristics, procedures, or technolto have unique PFGE patterns were included as controls. All ogists were associated with the isolation. All specimens for of the isolates were identified by standard methods as M. abboth case and control patients were from the lower respiratory scessus. These isolates were collected between 1988 and 1996. tract, except one from a skin biopsy. All specimens were processed and exposed to in-house-prepared NALC-NaOH reagent and phosphate buffer prior to the planting on L-J medium and Molecular Typing in BACTEC broth. A review of the quality control records DNA fingerprinting of 16 isolates from 14 patients and the from 1988 through 1996 showed no failures at any time.
isolate from distilled water produced the same RAPD-PCR Growth occurred in either medium or both, and two of six pattern with each of the four primers, consistent with a single patients had smears positive for AFB. During this period, no strain or clone. Specifically, the four isolates from the June M. abscessus was isolated from quality control L-J slants used 1993 cluster were the same as the five patient isolates and the to monitor the sterility of the autoclaved distilled water in the NALC-NaOH reagent and phosphate buffer. distilled water isolate from the May 1994 cluster. In addition, / 9c51$$jy48 06-16-98 00:12:06 cida UC: CID [6] [7] [8] [9] , and the second cluster, in May 1994, involved patients 13-17. AFB Å acid-fast bacilli; BAL Å bronchoalveolar lavage; COPD Å chronic obstructive pulmonary disease; Different Å different pattern from that of epidemic strain; L-J Å Lowenstein-Jensen; ND Å not done; QC Å quality control strain; RAPD Å random amplified polymorphic DNA; TMP-SMZ Å trimethoprim-sulfamethoxazole; 0 Å negative; / Å positive.
* Specimen was culture-positive, but medium was not noted. † Culture on chocolate agar was positive. ‡ Culture on Sabouraud agar was positive.
5 sporadic isolates (3 from sputum, 1 from bronchoalveolar [1 -17, 29] . Several nosocomial outbreaks or pseudo-outbreaks lavage fluid, and 1 from lymph node tissue) recovered in 1991, of nontuberculous mycobacterial disease have been associated 1993, 1994, and 1996 also had the clustered outbreak pattern.
with contaminated sterile or distilled water (see table 2 ). The All 16 isolates had broken genomic DNA [14] that was unsuitidentification in the current study of the same strain of able for PFGE. Unique RAPD-PCR patterns were seen with M. abscessus by RAPD-PCR in specimens from 14 of the 19 the CAP survey isolate, isolates from 4 of the 19 patients, and patients strongly suggests that a single strain of M. abscessus the 4 control strains. The 4 control strains and 3 of the 4 patient has been responsible for clustered specimen contamination and isolates produced PFGE patterns that were unique. One isolate possibly for low-level contamination over a 6-year period. had an indeterminant RAPD-PCR pattern and was unsatisfacHowever, three of these patients whose samples were also tory for PFGE. These results are summarized in figure 2 AFB-smear-positive (numbers 3, 5, and 11) had cultures repeatand in the recently published study of RAPD-PCR methodoledly positive for M. abscessus on different occasions; these ogy [25] . might represent true infections rather than contamination. With the first cluster we were unable to isolate the mycobacDiscussion terium from distilled water, although laboratory contamination was considered. The isolation of M. abscessus from the preMany species of nontuberculous mycobacteria, including viously autoclaved distilled water during the second cluster M. abscessus, have been isolated from hospital water systems confirmed the likelihood of specimen contamination in the laboratory. With the use of commercially prepared reagents, there was one other isolation of M. abscessus from a patient (table 1; patient 5) who had been previously identified as having a true pulmonary infection with this organism. There was no clear explanation why the specimens from patients 13, 16, 17, and 19, which did not come into contact with any buffer or sterile distilled water, became contaminated. The possibility that needles from a positive vial cross-contaminated subsequent negative vials was disregarded, since of 21 cultures positive for the same strain of M. abscessus, 8 also grew on L-J medium, 1 grew on L-J medium only, and 1 grew on fungal medium.
The rapidly growing mycobacteria most commonly cause erally in older adult patients), and chronic granulomatous infec- 
